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million times (the square of the diameter ratio) smaller
than the target-area of the whole atom. As we have no pos-
sible method of aiming our projectiles, it follows that the
incident particle must pierce on an average 100 million
atoms before it will hit a nucleus. But as it passes through
the bodies of so many atoms, our projectile will steadily
slow down, losing its energy through electric interaction
with orbital electrons,* and will, in most cases, come to a
stop before it has had a chance to hit a nucleus.

As a matter of fact, the a-particles used in the classical
disintegration experiments and the protons produced in
modern high-tension generators are stopped after they
have passed through only 100,000 atomic bodies. The
chance, therefore, of any given projectile's hitting a nucleus
before it has lost all its energy is only one in a thousand
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that enter the substance only one will probably score a hit.
The bombardment of nuclei, wrapped as they are in their
thick envelopes of atomic electrons, is rather like trying
to crack walnuts hidden in sandbags by shooting at a pile
of such bags with a machine gun.

It is clear then that, although the projectile which scores
a direct hit at the nucleus may crack it and liberate an
amount of subatomic energy several times surpassing the
energy of the impact, the total liberated nuclear energy
will not be nearly enough to compensate for the useless
expenditure of the thousand projectiles which missed their
aim. It is true, of course, that by increasing the original
energy of the particles used for the bombardment, we can

* This interaction, leading to the ionization of atoms along the track,
is responsible, as indicated above (p. 69), for the formation of the visible
track in the cloud-chamber.